The 3-methyl-2Z,4-pentadien-1-yl sidechain is found in various sesquiterpenes and diterpenes. A route for the late stage introduction of this functionality was developed which relies on nucleophilic attack on the (3-methylpentadienyl)iron(1+) cation, followed by oxidative decomplexation. This methodology was applied to the synthesis of the proposed structure of heteroscyphic acid A methyl ester. Realization of this synthesis led to a correction of the proposed structure.
Introduction
The 3-methyl-2Z,4-pentadienyl sidechain is a functionality appearing in a number of naturally occurring sesquiterpenes and diterpenes. For example, (+)-striatene 1 (1, Figure 1 ), and the labdane diterpenes (+)-solidagol 2 2 and (-)-ent-3 -acetoxylabda-8(17),12Z,14-trien-2-ol 3 3 were isolated from the liverwort Ptychanthus striatus, from Canadian golden rod (Solidago canadensis) and from the ornamental plant Plectranthus fruticosus respectively. Similarly, the clerodane diterpene (+)-caseargrewiin E 4 4 , isolated from a Thai shrubby tree, exhibited cytotoxic activity against KB, BC1 and NCI-H187 cancer cell lines in the range 0.15-0.91 g/mL range. In spite of these and other examples 5 , only a single synthesis of a terpene containing this functionality has been reported 6 . Audran and co-workers reported the synthesis of 1 which involved enolate alkylation with 5Z-bromo-3-methylpent-3-en-1-yne, followed by hydrozirconation (Scheme 1). It should be noted that attempts at reduction of the 5 using H 2 and a poisoned catalyst were unsuccessful. As part of our interest in the application of organoiron complexes to organic synthesis 7 , we have examined the reactivity the (3-methylpentadienyl)Fe(CO) 2 PPh 3 + cation (6, Scheme 2) with nucleophiles as a means for late-stage introduction of the 3-methyl-2Z,4-pentadienyl sidechain 8 . Scheme 1. Synthesis of the (3-methyl-2Z,4-pentadien-1-yl) side chain of (+)-striatene (ref. 5 ).
Heteroscyphic acids A, B and C, isolated from cultured cells of Heteroscyphus planus, were assigned the proposed structures 7a, 7b, and 7c ( Figure 2 ) containing a 3-methyl-2Z,4-pentadienyl sidechain on the basis of their spectroscopic data 9 . We have previously 8a utilized the (3-methylpentadienyl)Fe + cation 6 to prepare the methyl ester of the 8-desmethyl-analog (8) of 7a.
Comparison of the NMR spectral data for 8 with that reported for heteroscyphic acid A led to the conclusion that the structures of the heteroscyphic acids were more consistent with a 3-methyl-2E, 4-pentadienyl sidechain. We herein report the full experimental details for these studies. 
Results and Discussion
Alkylation of the dianion of methylacetoacetate with the known 10 bromide 9 gave the acyclic -ketoester 10 (Scheme 2). Oxidative cyclization of 10, according to the literature procedure 11 gave a chromatographically separable mixture of transdecalone (±)-11 along with minor amounts of the cisisomer (±)-12. Separation of these two isomers was facilitated by the fact that 12 exists almost entirely in its enol tautomer. Compounds 11 and 12 were characterized by comparison to the literature data for the corresponding ethyl esters 11 . Acid catalyzed isomerization of the exocyclic olefin of 11 gave the endocyclic isomer (±)-13. The structural assignment of 13 was based on its NMR spectral data. In particular signals at  140.1 and 122.2 ppm in the 13 C NMR spectrum and at  5.29 (1H, m) and 1.65 ppm (3H, d, J = 1.5 Hz) in the 1 H NMR spectrum are characteristic of the C-3 and C-4 olefinic carbons and their associated proton and methyl group respectively.
Attempted olefination of 13 with the ylide generated from the reaction of butyl lithium with methyltriphenylphosphonium bromide in THF gave recovered starting material; presumably due to deprotonation of the acidic -ketoester in polar solvents. Alternatively, addition of the salt-free ylide generated from trimethylphosphonium bromide with sodium amide in toluene 12 to 13 gave (±)-14 in moderate yield. The structural assignment of 14 was based on its NMR spectral data. In particular, signals at  146.2 and 107.9 ppm in the 13 13 . The ester substituent in 16 was assigned to occupy an axial orientation on the basis of its 1 H NMR spectral data. In particular, the signal for H-9 ( 2.57-2.49 ppm) of 16 did not evidence any large couplings, and thus pointed to an equatorial orientation for H-9.
With octahydronaphthalene synthons 13, 14, and 16 successfully prepared, attention was turned to installation of the 3-methyl-2Z,4-pentadien-1-yl sidechain. Toward this end, the sodium salt of 13, generated by reaction with sodium hydride, was reacted with (3-methylpentadienyl)iron(1+) cation 6 to afford a mixture of diastereomeric complexes 17/17' (Scheme 3). While the mixture of 17/17' gave a satisfactory combustion analysis, interpretation of the NMR spectra was complicated due to signal overlap of the diastereomers as well as 31 P coupling.
Nonetheless, oxidative decomplexation of this mixture gave a single product (±)-18. In a similar fashion, the lithium salt of 14 or 16 (generated by reaction with LDA) with 6, gave a mixture of isomeric complexes 19/19' or 20/20' respectively; decomplexation of each mixture gave a single product (±)-21 or (±)-8.
The structural assignments for 18, 21 and 8 were based on their NMR spectral data. For products 18 and 21, the pentadienyl sidechain was assigned the -orientation, while for 8 the sidechain was assigned the -orientation. In particular, for 18 the singlet for Me-19 appears at  1.03 ppm while for 8 this singlet appears at  0.84 ppm. The upfield chemical shift for this signal of 8 is consistent with an axial ester group at C-9 14 . In addition, there is an nOE interaction observed between Me-19 and one of the H-12 protons of 18, while a NOESY interaction was observed between the Me-19 and the methyl ester of 8. For 21 the upfield chemical shifts of the H-17 olefinic methylene protons ( 4.78 and 5.00 ppm) may be attributed to the anisotropic effect of the neighboring ester substituent in an -orientation. Notably, these orientations are consistent with the known 15 stereoselectivity for alkylation on the -face of other bicyclo[4.4.0]decane -ketoesters while alkylation of the exocyclic enolate derived from a bicyclo[4.4.0]decane 2-carboxylate generally proceeds on the -face 16 . In addition, the 3-methyl-2,4-pentadienyl side chain for 18, 21 and 8 were all assigned the Z-configuration. In particular, the signals for H-14 appear at ca.  6.8-6.7 ppm while signals for the C-14, C-15 and the dienyl methyl C-16 appear at ca.  135, 114 and 20 ppm respectively. These chemical shifts are characteristic of a 3-methyl-2Z,4-pentadienyl group [2] [3] [4] [5] . This was found to be in sharp contrast to the chemical shifts reported 9 for H14 ( 6.37 ppm) C14, C15 and the dienyl methyl C16 ( 141.7, 111.1 and 12.1 ppm) of the sidechain of heteroscyphic acid methyl ester. In fact, these chemical shifts are more consistent with those reported 17 for diterpenes which possess a 3-methyl-2E,4-pentadienyl sidechain.
Scheme 3. Dienylation of octahydronaphthalenes 13, 14 and 16 followed by decomplexation (heteroscyphic acid atom numbering).
Conclusion
The ability to rapidly introduce a 3-methyl-2Z, 4-pentadienyl sidechain was demonstrated by the synthesis of 8, a nor-diterpene related to the proposed structure of heteroscyphic acid A, as well as 18 and 21. While this synthetic exercise revealed that the sidechains of the heteroscyphic acids more likely possess the E-stereochemistry, this methodology might be applied to the synthesis of compounds such as 1-4.
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Experimental Section
1 H and proton-decoupled 13 C NMR spectra were recorded at 300 MHz and 75 MHz respectively. Proton and carbon assignments refer to heteroscyphic acid skeleton numbering. Highresolution mass spectra were obtained from the Washington University Resource for Biomedical and Bioorganic mass spectrometry. Tetrahydrofuran was distilled from sodium benzophenone ketyl prior to use. Anhydrous CH 2 Cl 2 and anhydrous DMF were purchased from Aldrich Chemical Company. Compounds 6 8b and 9 10 were prepared by literature procedures.
Methyl 6-methyl-3-oxo-6,11-dodecadienoate (10). To a flame-dried round-bottom flask, NaH (60% dispersion in mineral oil, 2.53 g, 63.3 mmol) was suspended in dry THF (165 mL) under N 2 . The suspension was cooled in an ice bath and methyl acetoacetate (6.81 g, 58.7 mmol) was added slowly (CAUTION: hydrogen gas is evolved during the addition). The mixture was stirred for 10 min, and then a solution of n-butyl lithium in THF (2.5 M, 25.3 mL, 63.3 mmol) was added. During this addition, the solution became a bright orange in color. After stirring at 0 o C for 10 min, a solution of 1-bromo-2-methyl-2,7-octadiene (5.96 g, 29.4 mmol) in THF (15 mL) was added. The ice bath was removed and the solution stirred at room temperature for 30 min. A solution of 3 M HCl (50 mL) was added followed by ether (50 mL). The mixture was separated and the aqueous layer was extracted several time with ether. The combined organic layers were dried (MgSO 4 ) and concentrated under reduced pressure. The residue was purified by column chromatography (SiO 2 , hexanes-ethylacetate = 8:1 Decahydro-4a-methyl-5-methylene-2-oxo-1-naphthalenecarboxylic acid methyl ester (11). To a degassed solution of 10 (3.31 g, 13.9 mmol) dissolved in glacial acetic acid (35 mL) was added solid Mn(OAc) 3 (1.75 g, 6.53 mmol), followed by solid Cu(OAc) 2 (0.590 g, 3.24 mmol). The reaction mixture was stirred under N 2 for 7 h at room temperature and then filtered through a bed of celite. The filter bed was washed several times with ether, the combined ethereal extracts were washed with saturated NaHCO 3 , followed by water, dried (MgSO 4 ) and concentrated under reduced pressure. The residue was purified by column chromatography (SiO 2 , hexanes-ethyl acetate = 8:1 → 5:1 gradient) to afford (±)-11 (1.45 g, 44%) as a colorless oil, followed by a variable but minor amount of the cis-isomer (10 1,2,3,4,4a,7,8,8a -Octahydro-4a,5-dimethyl-2-methylene-1-naphthalenecarboxylic acid methyl ester (14) . To a suspension of NaNH 2 (637 mg, 16.3 mmol) in dry toluene (41 mL) under N 2 , was added methyltriphenylphosphonium bromide (4.48 g, 12.5 mmol), and the mixture was heated at reflux for 3 h. During this time formation of the ylide was detected by change of the solution to a bright orange color. The warm solution was transferred by a cannula to a solution of 13 (593 mg, 2.51 mmol) in toluene (6 mL) under N 2 . The reaction mixture was stirred at room temperature for 6 h and then filtered through a pad of celite. The filtrate was concentrated under reduced pressure and the residue was dissolved in hexanes to induce the precipitation of triphenylphosphine oxide and then filtered again. 1,2,3,4,4a,7,8,8a-Octahydro-4a,5-dimethyl-1-(3-methyl-2Z,4-pentadienyl)-1-naphthalenecarboxylic acid methyl ester (8) . To a solution of 16 (100 mg, 0.451 mmol) in dry THF (4 mL) at -78 o C under N 2 , was added a solution of lithium diisopropylamine in THF (0.5 mmol, freshly prepared from diisopropylamine and n-butyl lithium). The mixture was stirred for 30 min, and then solid cation 6 (207 mg, 0.451 mmol) was added in one portion. The reaction mixture was warmed at room temperature and stirred for an additional 3 h. The reaction mixture was quenched with 1M HCl (10 mL), and extracted several times with ether. The combined extracts were washed with water, dried (MgSO 4 ) and concentrated under reduced pressure. 
